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ULTRASONIC TRANSCEIVER AND tfaerefioie cot selective. A system of this type may work well 

REMOTE CONI TOIJLE D DEVICES FOR in keeping the family dog off the couch but, it would also 

PETS drive the people of the household away form the coudi as 

wclL The radio ticquency systems arc selective but, to date 
FIELD OF THE INVENTION s are limited to a range of less than four feet to avoid expense 

The field of the invention pertains to an ultrasonic trans- unwarned Rj: interference, 

ceiver to control output devices for use by and for pets and }^ would therefore be desirable to create a remote trans- 
more particularly to a transceiver with modulation charac- ceiver system for pets to fadliiaic ooniainmenl, training and 
leristics to improve rai^ and avoid false triggering in the restriction which has relatively long range capabilily, 

oontrolof a wireless pet containment system; a sonic alarm ^° which does not interfere with radio fiequency devices nor is 
for area restriction; a remote pet trainer and a remotely subject to the governmental restrictions of radio frequency 
operated, fiiUy automatic pet door. devices, ^^lich is selective to an individual transmitted 

signal and which is relatively inexpensive to mass produce. 
BACKGROUND OF THE INVENTION invention described herein provides such a system. 

This invention hasthe purpose of facilitating a meansby " T^.^jntm state o^^^^ 
which pets can self activWlmtomatic devioL and allow ^oors^if^^ to d<^ which are operated by a magnet 
humans to operate the devices remotely. TTr scope of this ^H^" ^^^miltcr worn on a pet's collar, 

invention in^ a modulated uhrasL: tt^^ T ^Hie hmited range of these traiB^ 
hzingafixeddurationedgedetoctmeaastoexlendtheran^ 20 Z^-tZL't*!^?' t^^L^"" °' T^i'^^S 
of the device by distin^shing between a tow level trai^ T^^^ ^u"^ 

miued signal and enviro^ten^ noise. Tliis is employed to * ^ ^.^ physically pushed open by the pet and 
contiolawiielesspetcomainmemsysicm;aso^calam ^^^.J^T?'' * ^ mechanism. Tlie pet door 

arearestrictbnjatiLtepettraiiieri^;^^^ ^ ST^t^"" the aansmitted utoasound to 

fully automaticpetdoorbui,ilsuse8caneasflybeeittnded 25 ^„^! .^f^!!^ 

to other output devices. mechanism to move a panel m and out of the door opening 

m a somewhat smiilar fashion to that of a power car window 
PRIOR ART thereby, facilitating added security torn intruders and 

weather and ^"'tomitTC operation requiring no human efiEort. 

Conventional devices utiliwng ultrasound for remote 
sensing, such as ultrasonic burglar alanns, have been ^ SUMMARY OF THE INVENTION 

severely limited by the fcecdonahty, acoustical shadowing jhis inventioD makes practical use of the directionality 
and hmited range mher^tly chanctenstic of u^trasomc inherent in ultrasonic ttanSnission and offers a novel mear^ 
deviow. For that «asonthey have been largely replaced by nwdulaiing the transmitted signal to increase the working 
radio frequency and mfrared transceivers. ^ range fiom a convemional twenty-five feet to over three 

In the pet fieU, electronic containment systems and hundred feet. This is achieved by delivering the ultrasonic 
remote trainers use radb frequency based transmitters and signal output in periodic bursts. The receiver is designed to 
receivers. These devices are elusive to produce and detect these bursts by sensing a repeated low to high 
severely restricted by the fact that they create interference to dansition at the amplifier input at predelermined intervals 
other radio frequency transmissions. To avmd this problem. ^ corresponding to the periodk; rate of generadon of ulUTaonic 
manufactures most use extremely tow power devices, prao- bursts at the transmitter. Ttos, sporadic environmental noise 
lical for only very short range operatton, or subject the in the frequency range of dse transceiver is essentially 
design to restrictions placed tq»n it by regulating agencies filtered out altowing the amplifier in the receiver to trigger 
such as the Federal Coommnications Cnrnmtssina, The use on extremely tow level signals. 

ofdtrasoundh^bera^ ^ AppEed to the devetopment of a wireless pet contaimnent 

e reasons atxive. system, the present invenlton requires ix> anteima nor buried 

Bectromc pet containment systems typically cmptoy a cable and specifically optimizes and makes use of the 
radio frequency transmitter and an antenna in the ftKm of a inherent directionaKty of ultrasound to approximate a linear 
buried cable to enctose the perimeter of the containment beam of ultrasound fonning a wireless boundary. The signal 
area. As the pet wearing an RJ. receiver approaches the so modulation and edge detect receiver virtually eliminate the 
buried cable, a warning tone is sounded TT>en, if the animal possibility of false triggering which would allow the device 
has not retteated frwn the perimeter after a predetermined to iredlessly ^lock the animal Additionally, it is possible to 
time, an electric shodt is delivered. Such systems present simultaneously send two individually moduUted ultrascmic 
certain difficulties such as having to bnrry the cable. signals, one of higher amplification for a wider transmitted 

Remote trainers typically use a hand held ndto frequency 55 beam aixd one of lower amplification for a narrower trans- 
transmitter to activate a single output (usually an electric mitled beam, to sq)arately control the warning tone and 
shock or an iiritating sound pulse) at the receiver worn by shock onqrats at the receiver, making it imposible for a 
the pet Tlie single output of conventional systems is always clever aiumal to rim through the perimeter and out of range 
used as a negative reinfordsgstiimilusrather than a positive during the time delay from warning tone to shock ised by 
enforcement of a specific behavior. ^ coovcntional devices. 

Conventional systems using sound to chase intruding The invention in its present form also provides a useful 
animals from a restricted area use either infrared detectton to alternative to the use of RJF. transmission in the creation of 
sense the presence of the intruder (in much the same manner a remote training device by greatly extending the range of 
as a burglar alarm) or radto frequency. In addition to the fact conventional ultrasonic transceivers. The result is a remote 
that both such systems are relatively expensive to 65 training device with a useful range comparable to that of a 
mantifactuie. the infrared system has the disadvantage that oonventioiial Ri\ transceiver but, without the possibility of 
it will trigger on any warm body inchiding humans aixl is interfering with the reception of radio, televiston and other 
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RJ^. signals. Hie training device then nses one or moic DECULED OESCRIFnON 

preset nltmsonic pnbe rates to trigger one or more tones for 

use in obedience training of pets. present invention is an ultrasonic transceiver 

Hie directional dianaeristics of shraaamid are of seat *s««>^specifically to control varioos onqmt devices for 
value qiplied to tbe operation of an automatic pet door by 5 by domeSic aium«ls. lT>e otitpot devices, 
allowing an acceptable fontal activation range when the pet ^ invention, indnde a wireless pet coniain- 

is facing and wn«*i««««iverbnt.gieatlyi»ducing the =«?«»Jsten; a sonic alannfisr area lestridioii: a remote pet 
ptobabilityoffalsetriggetingoftheieeeiverwhenthepetis * opcatti, UOy automatic pet door, 

just passing by at even closer range than the fontal activa- ^^L"^^^ Innsceiver. shown in block foim in 
tion distance. Hie oodulaled pulsed signal and edge detect lo (*). miliies a conventional quartz crystal 

receiver techniqiieaieeiiqiloyed to create an ultrasonic key '"•"'"^P osrflator 1 to gn^the canto ftequency. 

code so that die device may be operated only by the pet Vha«m^btqutDatsof 3Z7KHZud40faamcoB- 

wearing a transmitter with those specific imiduktiondur. '«»««|« im<«>pkones. 

acterisdcs to be sensed by the leceiva^ Hiis type of pet door 'P^. '^S'J^}^: 

achieves the advauages of preventing straTaninSs 15 "f^ » f^^. ^ a modulator 2. RG 15 tsjn electr«al 
intntdeis fiom entering the home ttamigh the pet door (a thewcillatorMd modulator which together 

common pioblem wMTconventional medSanicalpet doo») '^'T" «i<l "quad dual input schmitt 

and provides protection against strong wind which can Mtepated cnnm to awte a pulsed output consist- 

easily blow thiough die hing^ flap of a conventional pet P?!!"*^ ^'^'^ ulMsound of the 

dooj. *^ *^ 2a we shown m FIG. 9(a). Various other modulation tech- 

niques may be enqiloyed to develop indiVKfaul coded signals 
BRIEF DESCRIFnON OF THE DRAWINGS activate a separate fimctkmal ouqnu. Hiese may 

nG.lschematic.Uyin„str«es.heultr«onicpetcoo. ^^^^^7^:'^!:^^^:^^^'^ 

tainmemsyaem. tedmiqucs. The means employed in the embodiment of nO. 

FIG. 2 schemaucally iUustrates the sonic alaim nsed for 15 simply varies the time interval between ou^ut burets, 

area rcstnction. jjjc oatpnit amplitude is equal to the maTiimim phis and 

FIG. 3 schematically illustrates the remote pet trainer. minus voltage siqyplied to the device which is typically 

FIG. 4 schematically illustrates the automatic pet door. limited to the maTimum voltage rating of the integrated 

^"nrs is a crus^tioQ of the automatic pet door taken 30 cin^of three to six volts direct current Ibe pulsed signal 

lin^Jv'^'^r ' , ' ™y be fed to an operational amplifier 3 to inaease die 

K6isaverticala«irsectionofincautonuticpetdoor «odang voltage supplied to the output speaker 4. Tbc 

— along lines2>-r - preferred embodunent employs a narrow band piezo trans- 

FIG. 7(a) is a bkxi diagram of the ultrasonic transmitter A« to its high dffidency. The elertric 

01- u, -I. J- ujcuiu««iu*;iraDsmii«i. current demand of such a device may be casfly optimized to 

FIG. 7(6) IS a block diagram of the ultrasonic receiver. ^ less than fifty microamperes fadliuting the use of a small 

- ^ FIG. 8 schematically iDustrates an alternative embodi- light-weight power source 5, such as a lithium coin cell 

g mcnl of the pet containment system. battery, whidi can eaaly be worn by a pet with an acceptable 

FIG. 9(a) il lu stra t es the tniist modulated ultrasonic wave useful life at the 50 rmcroampere cunem ooisumpiion of six 

fcmn typically emitted by the ultrasonic transmitter showing ^ months to one year 

the hi^ to low tranmtions sensed by the receiver in the The receiver utilizes a narrow band piezo electric micro- 
absence of environmental background noise. phone 6 £ed to a multi-stage operational amplifier 7 of the 
FIG. 9(b) iUustFBtes the burst modulated ultrasonic wave variety shown in FIG. 10. The use of discrete components, 
form typically emitted by the ultrasonic transoaitter showing instead of commercial grade integrated circuits in this 
%^ the high to low transitions sensed by the receiver in the 45 embodiment, allows quiescent electric current consumptiott 
yi. presence of background noise of the same carrier firequency of the receiver to be also limited to under 50 microamperes 
as the transmitter with typical sporadic peaks which arc of providing acceptable battery life from a light-weight lithium 
greater amplitude than the transmitted idtrasonic s^al. source U. 

FIG. 10 is a circuit diagram of die operational amplifier The deuKxiulatton technique employs an edge detector 

employed as part of die ultrasonic receiver. 50 which senses the low to high tranation of the initial burst 

FIG. 11 is an alternate embodimem of the pet containment received at the amplifier. FIG. 9(a) shows that in the absence 

system using two separate s^nals to individually control of backgroimd noise, the transition is measured hem the 

warning tone and shock outputs. zero state to the peak amplitude ofthe initial burst As shown 

FIG. 12 is a cross-section of the receiver assembly. ^ background noise shifts the zero baseline at 

HG.Uisanaltcmatcembodimcntoflbcrecciverassem- " each edge to the background kvel. The kw to high transition 

bly is then sensed as the difference between the background 

FIG. 14 is a oas^ection ofthe transmitter casings and ^^I^Jfl^ "^^^^^^ 

positioning post used in the pet contaimnemsyste^ p detected, a tmi^ is started with its duraUon 

ys^uu^ t^ . couuimmcm sysicm. mterval between bursts of the transmitted signal Whfle die 

HG. 15 is a Oram diagram of the ultrasomctransmuier «, timer is rumnng, the sensor is disabled so changes in 

wim modulatcff. background are not mistaken fiw another edge. At die end of 

HG.16A is a diagram of the automatic pet door control die timing period the sensor resumes within a narrow time 

orcuit power supply. window. If a seamd edge is sensed widiin this time window 

FIG. Iffl is a diagram of die automatic pet door control it is taken as receipt of die mnrhi^t"^ signal the output 

circuit motor controller: 65 device 9 is activated. The technique may be repeated for 

FIG. 16C B is a diagram of the automatic pet door control multqile edge detect cycles before the ouqml is activated, for 

circuit operational aoq^er. added insurance against the probability of detecting a tran- 
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sition in the badcgxoimd noise wtijch happens to oocar 28 is anacfacd to a rinpt«rie zmxnzi by strap 29 wiifa buckle 

within the edge detect time window. Ibis tedmiquc greatly 30 looping Onougb the receiver casing and annmd the 

inocases the woridng tange of the device since it requires animal's nec^ 

^J.il^X^-i^J^^i'^'^?^ !^ ™- « «*en«uic.lly iflnsmtes an altenute embodiment 

trigger the device. The imgninirtr of that transmon may be < «f ti,.. m - . ^uM^^kUM»^s.iuxy^wL 

much less than the hadKKi ultnsMiod te^^^ of tbepcl Mtamii^ 

that cnvironmcnial backgroond noise is geneiaUy spmdic ^ ® mounted on post 20. Tlie transmitter 

with large momemaiy peaks, represents a pxobtem to con- oomg is po^ned so ttot the transmitted ultrasound enve- 
vcntional devices which trigger on fixed signal Icvds and * spea^ area off Imiits to the peL Receiver casing 28 

are apt to confiise a large background peak with the actual jq ^ is id^^^ 

transmitted signal In this device, background noiae may be shown m Ho. 1. 

mudi larger than the tnimrmiqi anq>litnde and indeed ^ schunatically illustrates the use of dual signal 

highn, at its peak, than that of the transmitted ngnal itself ^^^^ ^ modulations to define two separate boundary 
without affecting the sensitivity or range of the device. Even perimcicts. Outside boundary area 31 is the area covered by 
in worst case conditiors i^iere some unusual source of ^ the stronger signal. The modulation of this signal causes the 
background noise level is h^ and of long, steady duradoo, receiver to generate a warning tone. Hiat tone is delivered to 
it may only serve to mask some of the trananitted signal the animal wearing the receiver ^n it crosses within outer 
ultimately cedudog range yet, it b still imposablc for the perimeter 32. Inside boundary area 33 is the area covered by 
device to trigger fdsely on the background noise. the weaker signal llic modulation of this signal causes the 

no. 14 shows the workii^ elements of the receiver 20 '««^'*°8«'«^to»°«^«iricsho<i.TTK shock is dcliv^ 
CDck^sed within tubular upper casing 10. Spe^r 4 is wearing the receiver when it crosses within 

mounted inside mbular ultrasound shaping ekmat 12 perimeter 34. Tins dual boundary technique is more 

which is projected through a hok in the easily. The purpose effiwaive in trainir^ the animal than the time delay method 
of ultrasound shapiog element 12 is to nanow the proiected becmae stock boundary is more ciearly defined for the 
ultrasound envelope to more dosely resembk a beam of 75 ^ part of the animal to run through the 

ultrasound. Mounted within the casing is printed drcmt boundary before the shock is delivered are fruitless and the 
board D with protruding contact spring 19 and leaf contact resultant oontaimncnt system is more positive. 
20 contacting, respectively, the negative aid positive tenni- ^ ^ ^eld of pet traxniiig, it has been shown by noted 
nals of lithium coin cell battery 14. Battery retaiiier 15 is ammalbehaviorists that cats dogs and other animals respond 
^] threaded inU) the casing to hold the battery in place and seal 30 positively to tones as training sdmull Ihe results of tesdng 

US off one end of the casing. Cdver 18 is pressed into the ^ training device described herein indicate that both dogs 

fll opposite Old of the casing to seal that end. Lower canQg~23, cats can distinguish individual toiKS if separated by at 

identical to caang 10 and housii^ i<^fflfical elements, is 1^*^ hertz. Each tone may then be used to positively 
^ fitted into counter-toe 40 in the upper castiig and allowed enforce a specific behavior or command e.g. sit, stay, heal, 

Ql to rotate relative to that casing for proper positioning until 55 come, fetch, etc. Negative stimuli, such as a bud piercing, 

secured in a fixed position by set screw 17 passing through or an electric shock may be used conjuiictively to deter 

a threaded hole in the counter-bored wall and into groove 16 bad behavior and enfiwce die "NO!" command. 
^ thus, kKking upper and kiwer casings rigidly togetfxer. Post Hie training device of FIG. 3 utilizes the transceiver of 

Q 20 is fitted into caanteF>bore 41 of the k)wer casixig. Set FIGS. 7(a) and (b) with outputs at the receiver capable of 

■f. I sacw 42 of the lower casing passes through a threaded hole 40 producing multiple tones with pitch separation of at least 

in the casing's oounter-bored wall and into groove 22 in the 1000 hertz, and an electric shock corrc^xmding to preset 
H' post kKddrig kiwer casmg and post rigidly together: modulated signals produced at the transmitter. The receiver 

yi FIG. 12 shows the receiver assembly in which boosing 28 is housed within casiqg 28 and stra{^ to the animal as in 

z4 encases mkiophcHies 54 and 55 spaced ISO degrees ^>art to FIGS. 1 and 8. The receiver assembly of FIG. 13 is similar 

provide a direct line of sight to posts to the left and i^ht of 45 that of FIG. 12 in all respects except that it utilizes a single 
the animal as it approaches the boundary. Holes 69 and 70 micropbaoe 65 oriented to face the ground when housing 28 
provide sound paths to microphones 54 and 55. Acoustical is attached to the animal so that it may more easQy sense the 
^aker52, pressed into integrally molded retaining cylinder part of the trarKmitter signal whidi is reflected off the 
66, generates the wamii^ tone emitted through hole 52. ground. This allows the device to be used effectively even 
Battery hokler 51 secures and contacts lithium coin ceQs 56 so when the arumal is tnt facing the traiiier so long as the line 
and 57 with access to the batteries provided by battery cover of sight between transmitter and animal is not obstructed. 
53 secured to housing 28 with screws 62 and 63. Micro- The preferred embodiment of the sonic ahrm system is 
plKHies 54 and 55, battery holder 51 and speaker 52 are shown in FIG, 2. In this embodimem, transmitter and 
wired to panted circuit board 50 providing the sensing, receiver positions used in the pet containment system are 
amplifying and ou^t circuitry. Tlueaded electrodes 58 and 55 switched so that the receiver of FIG. 7(6), which now 
59 are soldered directly to printed drcnit board 50 and activates a sonic alarm output device and visual flashing 
protrude through holes in hoining 28 and holes in stn^ 29 Hght each mounted withm casir^ 73 with microphone 74, 
and secured to the housing with nuts 58 and 59. TTiis also aUrm speaker 75 and flashing light elemem 78, is stationary, 
secures strap 29 relative to housing 28 as it passes through Hie transmitter of FIG. 7(a) is mounted within housing 72 
integrally molded bezel stols 67 and 68. 60 and attached to a domestic animal by strap 76 with buckle 

FIG. 1 schematically illustrates the interlaoed ultrasound 77 kxyping through the receiver casing and around the 
emrelopes 26 created to form a penmetu' when the receiver animal's nedL In this arrangement, transmitter housing 72 
post 20 and Hke posts are placed in the ground with upper may be made quite small since thm is aa need for a tone 
and lower receiver caan^, 10 and 23 respectively, posi- generating ^leaker or chnrfring device providing a more 
tiooed to form the comers of the perimeter. The actual 65 comfortable and light weight device to be worn by the 
boundary line 27 is defined be the intersection of the inside animal. Receiver casing 73 may iktw be eaaly positioned at 
leading edges of the ultnisonnd envelopes. Receiver casing any desired location such as couch, chair, kitchen table, etc. 
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